Introduction
• The precise manner by which regional damage to the brain often produces diffuse cerebral effects such as obtundity (this word means blunting of consciousness) and stupor and unwillingness to move spontaneously nonparalyzed or paretic limbs has never been clarified. Within the first two weeks of a severe hemiplegic stroke, the patient tends to remain listless and immobile and communicates little, even though the speech mechanisms on direct questioning are preserved. It is generally conjectured that such remote effects are exerted via the brain stem. Based on clinical observations, Von Monakow, 1 in 1914, first Bilateral reduction of hemispheric blood flow (HBF) due to the remote effects of acute unilateral cerebral infarction was reported later by other investigators 5 ' ° using methods whereby the indicator was injected into each carotid artery. It was postulated that the reduction of blood flow in areas remote from the infarction is due to reduction in metabolism, and a later investigation proved this to be so. 7 This question has been pursued further, and sufficient clinical data have now been correlated with measurements of HBF and metabolism to provide definitive information concerning their possible relationship to the prognosis for recovery from the neurological deficit.
Case Material
HBF and hemispheric metabolism (HMI) were measured in 56 patients with various forms of cerebrovascular disease (table 1) . Forty-four of these patients had well-defined clinical signs and symptoms of unilateral cerebral infarction and two additional patients had a history of transient ischemic attacks thought to be due to ischemia of one hemisphere (table 2) . Patients with brain stem infarction, diffuse cerebrovascular disease, and arteriovenous malformation were excluded from this group. The 44 patients, excluding the two with transient ischemic attacks, were subdivided further according to the duration of the unilateral cerebral infarction prior to the blood 384 flow measurements (table 3 and fig. 1 ). The effect of aging on HBF and metabolism is shown in table 4. The two patients with transient ischemic attacks were excluded from tables 3 and 4 since the attacks had been multiple. The severity of the neurological deficit and the prognosis for recovery in the 44 patients plus the two with transient ischemic attacks were also correlated with the blood flow data (table 5 and fig. 2 ).
Ages for the total series of 56 patients ranged between 30 to 83 years with a mean age of 60. In every case, apart from the detailed neurological examination, electroencephalogram (EEG), electrocardiogram (EKG), lumbar puncture, skull and chest films were obtained and the patient carefully evaluated from a general medical and cardiological point of view by one of the investigators. In all but three patients, arteriograms were performed and the entire aortocranial system visualized. These data are contained in table 2. Brain scans were carried out in all but six patients, and these were interpreted as either normal or showing increased uptake of technetium in the area thought to be infarcted.
Forty-four of these patients had well-defined unilateral cerebral infarction, three had bilateral cerebral infarction, two had multiple transient ischemic attacks of less than 24 hours' duration, one had hemiplegia and motor dysphasia resulting from an arteriovenous malformation, and one had infarction of the brain stem. There were five patients with signs and symptoms of diffuse cerebrovascular disease. All of the 44 patients with unilateral cerebral infarction had experienced one or more episodes of hemiplegia, monoplegia, hemiparesis, or monoparesis, often associated with dysphasia or homonymous hemianopsia or both.
The age, sex, duration of symptoms, clinical course, and angiographical findings of these 44 patients and the two with transient ischemic attacks are summarized in table 2. The duration between the episode of infarction and the cerebral blood flow measurements varied from three days to four years. In those with progressive stroke or stepwise worsening of the neurological deficit, the duration prior to the blood flow measurement was determined from the day on which clinical evidence of progression ceased. In every patient undergoing angiographical studies, the aortic arch and both vertebral and carotid arteries were visualized using seriographical biplane exposures following injection of the subclavian and left carotid arteries. Marked stenosis or occlusion of the extracranial or intracranial portions of the major arteries was regarded as abnormal and so listed in table 2. For the purposes of the present study, kinking and tortuosity of the extracranial vessels were not considered abnormal, although noted to be present in several patients.
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The 44 patients with unilateral cerebral infarction and the two with transient ischemic attacks were arbitrarily divided into four grades according to the severity of their signs and symptoms and their clinical course. The classification, in order of severity, is as follows:
1. Transient ischemic attacks (TIA). The duration of the localized neurological deficit did not exceed 24 hours and the patient made complete recovery. Since these patients suffered from multiple transient ischemic attacks, they were omitted from tables 3 and 4 and figure 1 but were included in tables 2 and 5 and figure 2.
2. 
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in the group with transient ischemic attacks, but recovery was complete or almost complete within three weeks. 3. Infarction with moderate residual disability. Recovery was steadily progressive, but moderate residual disability was still present after three weeks.
4. Infarction with severe neurological deficit. Severe neurological deficit persisted after three weeks with little or no evidence of recovery.
Patients with coma or persistent stupor were not included in this series. In the majority of cases in which measurements were made in patients with grade 4 severity some obtundity existed. Three patients died, and the diagnosis of unilateral cerebral infarction was confirmed at necropsy. The remainder with persistent neurological deficit became sufficiently alert to undergo rehabilitation therapy. Two of the patients who died succumbed to recurrent cerebral infarction several months after these measurements were carried out, and one died of pulmonary embolism as a complication of phlebothrombosis of the leg veins.
Methods
Thirty minutes prior to the CBF study, each patient was given 50 mg of meperidine hydrochloride (Demerol®) and 0.4 mg of atropine sulfate intramuscularly. A catheter was then placed into each cerebral transverse sinus via the basilic veins using fluoroscopy, as described in a prior report. 8 Other catheters were inserted percutaneously into either the femoral arteries or the brachial arteries plus one femoral vein using 1 % procaine hydrochloride for regional anesthesia. Blood was drawn from an artery and both transverse sinuses by the use of a peristaltic pump which propelled the blood samples through cuvettes containing electrodes and sensors for monitoring blood gases and pH. After passing through the cuvettes, the blood was returned to the circulation by means of the indwelling catheter placed in the femoral vein.
To measure HBF a bolus of 5 to 7 ml of hydrogen-saturated saline was injected into each carotid artery and HBF was calculated from the clearance curves of hydrogen from each transverse sinus measured with hydrogen electrodes. 9 ' 10 The blood was analyzed in the cuvettes for oxygen tension (Po,,) using an oxygen electrode, oxygen saturation (SO 2 ) using an oximeter, carbon dioxide tension (Pcoo) using a modified Severinghaus electrode, and pH with a conventional glass electrode.
11 ' 12 The output of these variables was recorded on a polygraph. Arterial and venous blood gases were also sampled at the beginning of each measurement for analysis by standard gasometric methods. Oxygen contents of arterial and cerebral venous blood were calculated from measurement HMF Gl = hemispheric cerebral metabolic index for glucose.
•All measurements performed within 21 days of onset. tStatistically significant change compared to HBF on contralateral side. Statistically significant change compared with HBF on diseased side in the group in Grades 1 & 2. of SO 2 , oxygen capacity, and the dissolved oxygen in the plasma measured as P o . Arterial and cerebral venous blood glucose and, in some patients, the lactate and pyruvate concentrations were monitored by the use of the Technicon AutoAnalyzer. 13 Cerebral hemispheric metabolic index for oxygen (HMIO 2 ) and glucose (HMI Gl) were estimated using the formula described in a recent paper. 10 In a few patients in whom blood flow of only one hemisphere was measured, the metabolic index was determined from the product of HBF and the ipsilateral cerebral arteriovenous differences. Hemispheric metabolic index for lactate (HMI Lact) and pyruvate (HMI Pyr) was determined in 18 patients from the product of HBF and ipsilateral cerebral arteriovenous differences.
Arterial blood pressure was monitored from a strain gauge connected to the arterial catheter. Mean arterial blood pressure (MABP) was calculated as the diastolic pressure plus one-third of the pulse pressure. Respiration, EEG, and EKG were also monitored continuously.
Results
Mean HBF, oxygen, and glucose consumption were reduced in the diseased hemisphere in every patient in this series except the one with a unilateral arteriovenous malformation. Even in this patient, metabolism was reduced on the side in which the malformation was located despite an increase of HBF almost five times that of normal (table 1) .
The mean age in the group of 44 patients with unilateral cerebral infarction was 62 years. Mean HBF in the "healthy" hemisphere was reduced from a normal value of approximately 45 to 50 ml/100 gm brain/min to 38.4 ± 4.6 ml/100 gm brain/min. Nevertheless, this was significantly higher than the mean value of 35.1 ±3.5 ml/100 gm brain/min in 390 the infarcted hemisphere (table 1). The mean oxygen consumption was also reduced in the "healthy" hemisphere from normal values, but again was significantly higher than that on the diseased side. Likewise, glucose consumption was reduced to levels below normal in both hemispheres in patients with unilateral cerebral infarction (table 3) . Although the glucose consumption in the "healthy" hemisphere showed a tendency to be higher than that in the diseased hemisphere, the difference did not reach the level of statistical significance. There were no significant differences between HMI Lact and HMI Pyr production of the two hemispheres.
As might be expected, HBF and metabolism were reduced in both hemispheres in patients with diffuse cerebrovascular disease and bilateral cerebral infarction. Of particular interest was the observation that brain stem infarction causes a decrease in HBF and metabolism of both cerebral hemispheres to a degree comparable to that observed in bilateral cerebral infarction, which supports the clinical observation that diaschisis, as manifested by stupor, coma, and akinetic mutism, is more severe following brain stem infarction than following cerebral infarction. The history of a patient with brain stem infarction is briefly summarized as follows.
CASE REPORT
A 64-year-old Negro female with a history of longstanding hypertension entered the hospital with the complaint of sudden onset of weakness, lightheadedness or vertigo. Her blood pressure was 170/100 with a regular pulse, and the general physical examination was normal. Her speech was dysarthric and mentation was obnubilated. arteriosclerosis. There was sensory loss over the left face and nerve deafness on the left. The patient exhibited marked ataxia and cerebellar signs as well as bilateral pyramidal tract signs. Cerebrospinal fluid examination was normal. Both vertebral arteries were stenotic with 56% of the lumen compromised. The EEG showed bursts of delta waves bilaterally and the EKG indicated the presence of ventricular hypertrophy. Four weeks later the patient was still ataxic and dysarthric. Hemispheric blood flow measurements were carried out 21 days after the onset of stroke and revealed reduction of flow on the left to 38.9 ml/100 gm brain/min and that on the right to 39.8 ml/100 gm brain/min. HMIO 2 was reduced to 2.22 ml/100 gm brain/min on the left and to 2.23 ml/100 gm brain/min on the right (table 1) . Hemispheric glucose consumption was 5.64 mg/100 gm brain/min on the left and 6.17 mg/100 gm brain/min on the right.
Although HBF measurements made in two patients within a few days of recovery from transient ischemic attacks were in general higher than those in patients with severe deficits in whom measurements were made at comparable time intervals after the stroke, hemispheric oxygen consumption was found to be remarkably reduced (table 1) .
The importance of the duration of the stroke prior to the time of the HBF measurements is illustrated in figure 1 and table 3 . HBF and metabolism were markedly reduced in both hemispheres in 12 patients in whom the duration of symptoms was seven days or less at the time of the study. The mean value for the "healthy" hemisphere was slightly higher than that on the diseased side, but not significantly so. Bilateral reduction of HBF and metabolism was also found in 17 patients with symptoms present for eight to 21 days. In 15 patients in whom symptoms had persisted for three weeks or longer at the time of the measurement, HBF Sfroka, Vol. 2, July-Augutf J977 was noted to be significantly higher in the healthy hemisphere compared with that on the infarcted side. The mean HBF value of 41.2 ± 5 . 4 ml/100 gm brain/min in the "healthy" hemisphere approached normal and in individual cases actually reached normal levels. This value was almost 20% higher than the mean value for the diseased hemisphere and was also significantly greater than the values for the "healthy" hemisphere in those in whom the measurements were made within the first week of the stroke.
The effect of age on HBF in the 44 patients with unilateral cerebral infarction is shown in table 4. The patients were divided into two groups: those under 59 years and those over 60. Although comparable bilateral HBF depression was observed in both hemispheres with the first three weeks, three weeks after the stroke the HBF was significantly higher in the "healthy" hemisphere of the younger age group than in the older patients; i.e., diaschisis persists longer in older patients.
Correlation of HBF and metabolism with the clinical severity and prognosis of the neurological deficit is summarized in table 5. The two patients with transient ischemic attacks were included with the 44 patients with unilateral cerebral infarction. This table also includes correlation of the duration of symptoms prior to the HBF measurements, since this variable has been shown to influence the results. In patients with transient ischemic attacks and reversible neurological deficits (grades 1 and 2 ) , the HBF within the first three weeks was significantly higher than in those with severe, permanent neurological deficit (grade 4 ) . In the ischemic hemisphere, this reduction was statistically significant. Effects of diaschisis on the opposite hemi-391 sphere as judged by reduction of HBF also correlated with the severity and prognosis of the stroke ( figure 2) ; the worse the deficit and the worse the prognosis, the greater was the tendency for reduction of blood flow in both hemispheres.
In general, correlation of reduction of HBF values and poor prognosis in patients with unilateral cerebral infarction and transient ischemic attacks were in agreement with the severity of the abnormal angiographical findings. None of the six patients with transient ischemic attacks (grade 1) and reversible neurological deficit (grade 2) had angiographical abnormalities. However, 27% of those in grade 3 and 52% of those in grade 4 had marked stenosis or occlusion of the vessels supplying the infarcted area (table 2) .
Results of cerebral venous and arterial blood gases, pH, glucose, pyruvate, and lactate in patients with unilateral cerebral infarction are shown in table 6. These patients were subdivided into three groups according to the duration after onset.
In three cases, hemispheric infarction diagnosed clinically was confirmed at autopsy. Recent large infarction was noted in two cases (cases 12 and 37) in the diseased hemisphere and only a few small lacunar lesions were noted in the "normal" hemisphere. In case 54, both hemispheres were found to be infarcted at autopsy and a recent infarction was found in the hemisphere in which HBF was measured. Regional CBF measured with the Xenon 133 method over the same infarcted hemisphere was in good agreement.
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Discussion
This investigation confirms that HBF and metabolism are reduced in both hemispheres in patients with acute unilateral cerebral infarction, although the reduction of HBF is greater on the infarcted side. Three weeks after the stroke, the healthy hemisphere shows a marked increase in HBF and metabolism while that on the infarcted side remains reduced.
Although serial observations in the same individuals, such as reported in an earlier study from our laboratory on the effects of hypertension on cerebral blood flow, 15 might explain diaschisis more clearly, the statistical approach to this phenomenon used in this paper is based on many measurements in various patients at various stages of stroke. We think the data we 392 have collected are sufficient to warrant the conclusions drawn.
H0edt-Rasmussen and Skinh0j ri and Skinh0j 6 were the first to report bilateral reduction of HBF using intracarotid injection of krypton 85 in six patients with unilateral cerebral infarction. Although cerebral metabolism was not measured, they hypothecated that unilateral cerebral injury causes transneuronal depression with generalized reduction of cerebral metabolism and, hence, blood flow. Meyer et al., 7 in a preliminary survey of a small series of patients with acute unilateral cerebral infarction, showed that bilateral reduction of HBF is indeed accompanied by bilateral depression of hemispheric metabolism which improves within two or three weeks after the stroke. In a recent study, 10 we have shown that stimulation of the brain stem increases cerebral blood flow and metabolism, and Fujishima et al. 17 reported cerebral blood flow and metabolism and cortical flow decreased following experimental occlusion of the basilar artery. These observations support the hypothesis of transneuronal pathogenesis of diaschisis; however, little is known of the neurogenic mechanism or its pathways. The present investigation shows that bilateral cerebral hemispheric diaschisis results from brain stem infarction and that the reduction of metabolism as well as HBF is greatest on the side of the infarct in patients with unilateral cerebral infarction. The larger the infarction, as judged by severity and persistence of the neurological deficit, the greater is the degree and longer the duration of diaschisis.
The biochemical basis for diaschisis is not known. It seems possible that release of some biochemical substance such as serotonin from damaged brain tissue may occur. Whether release of such a hypothetical substance exerts its action by diffusion through the brain and cerebrospinal fluid or becomes self-propagating is not known. Several investigators working on the question of vasospasm after subarachnoid hemorrhage have found that serotonin has a direct vasoconstrictor action on cerebral vessels. Topical application to the cerebral vessels produces intense vasoconstriction. 18 -20 Intracarotid injection of serotonin decreases blood flow in the internal carotid artery. 21 However, further investigation is necessary to define whether this biochemical substance is released after cerebral infarction. Preliminary observations in this laboratory, in both experimental infarction in baboons and human patients with acute stroke, indicate that serotonin is released and diffuses rapidly from infarcted brain into the cerebral spinal fluid and cerebral venous blood.
Aging seems to predispose to the effects of diaschisis. The older the individual the greater and more prolonged the effects of diaschisis appear to be. The remarkably rapid restoration of flow toward normal levels in the noninfarcted hemisphere of younger individuals was considerably greater than in older patients. This appears to indicate that during the acute stage of cerebral infarction the young individual has considerably more capacity for recovery from the remote effects of stroke than the older patient. This observation provides physiological support for the well-known clinical finding that younger patients have a much better potential for rehabilitation than older ones, 22 as was the case in the present series of patients. The reason for such differences is not known for certain, but considerable evidence exists that cerebral blood flow decreases, cerebral vascular resistance increases, and cerebral vasomotor capacity becomes reduced with advancing age in patients with cerebrovascular disease. 23 " 27 The data in table 4 make it clear that age alone does not account for the bilateral reduction in HBF attributed to diaschisis, since it was observed in the young patients during the acute stages. Furthermore, HBF tends to be reduced less in those with a good prognosis in all age groups. Less correlation was found between the hemispheric metabolism and the prognosis. This was not entirely unexpected since the most important single factor deciding the outcome of occlusive vascular disease of the brain is the adequacy of the collateral circulation to the ischemic area. Only hemispheric glucose and oxygen metabolism were measured in the present studies. It is possible that other substrates such as kctone bodies were providing sufficient energy metabolism to maintain viability, with the potential for recovery in the ischemic brain. In such a case, HBF values might be expected to correlate better with prognosis than regional oxygen and glucose consumption. The fact that occlusion of intracranial and extracranial vessels was more common in those patients with a poor Strok; Vol. 2, July-Augutt 1977 prognosis supports the view that the adequacy of the collateral circulation is the most important single factor influencing recovery from regional cerebral ischemia.
